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FLIGET INVESTIGATION ANALISIS O F  TEE WING 

DURING PUSH-PULL MANEUVERS 

By Alton P. &yo and John F . Ward 

The resu l t s  of deflection meesuremeEts n?a& a% 12 stat ions on the 
wing of a swept-wing j e t  bmber (Boeing S-47A) during 18 push-pull maneu- 
vers  are  ?resented in   t he  form of coefficients  expresstng  the  deflections 
iiue t o  the  zero-lif t  loEds, the additional-lift  loads,  the  pitching- 
angular-acceleration  loeds, and the  pi tching-agula-veloci ty  loads on 
the E?irplane. The procedures used t o  obtain the coefficients are gre- 
sented  along  with comparisons of the  experimental  deflection and twists 
wi-th those  obtained from theoretical  calculations. 

INTRODUCTION 

Ln the  calculation of the loads on a f lexible  ai-rplane, it is zeces- 
sary to hzve accurate methods of  determiung  the amount  of s t r u c t w s l  
deflection.  Especially is ti7is t rue i n  the  calculation of the loadings 
on swegt w i n g s  where the   l oca l   a rgk  of attack may be greatly  affected by 
the  deflectior of the  ving. i_n_ order  to  obtaln knowledge  of the  aero- 
e l a s t i c  beh&v5or of an actual swept wi~a i n   f l i g h t  and t o  obtain  experi- 
=ental data by wuch  to check theoretical  methods, one phase of a flight, 
research p r o g r a  on the Boeing B-47A, conducted by the  National Advisory 
Connittee f o r  Aeronautics, h&s included  the  irrstdla-lion of an  oztigrzph 
system t o  record  the  in-flight  deflections of the wing. 

This pE?per w i l l  be  concernea  with  tne wing deflection  neasurenents 
made during gush-sull maneuvers, and the  reduction of fixe f l ight   deta  to 
coefficients  expressing the wing deflections due t o  the  zero-lift  load, 
the   addi t ioml- l f f t  and i n e r t i s  load, and the  pitchire;-acceleration and 
pitching-velocity loads on Yne airplane. Comparisons are made between 
the experime,rltzl resul ts  and kheoretical  calculations. 
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SYMBOrIs 
I 

Z 

ZO 

Z 
11 

I 

total  optigraph  target  deflection  neasured from wing drooced 
position (ground zero),  positive upward, in .  

target  deflection due t o  the w i n g  airloads when the sum&- 
t ion  of the aerodynamic loads on the  airplane is  zero, 
positive upward, in .  

target  deflection due to   the  wing airloads when the sw-?iua- 
t ion  of the airload on the wing and fuselage i s  zero, 
positive usward, in.  

target  deflection  per unit airplane normal load  factor, 
positive upward, in./n 

t a g e t  deflection due t o  the additional-lift  load 012 the 
wing and fuselage,  positive uFward, in./lb 

target  deflectioo due t o  w i n g  i ne r t i a  under en airplane 
normal load  factor of 1, positive upward, in./n 

target  deflection  per  unit  airplane  pitching  acceleration, 
positive upwzrd, i n  ./radiam/sec 2 

I 

target  deflection due to   iner t ia .  of the w i n g  with unit I 

pitching  acceleration,  positive upward, in./radians/sec2 

target  deflection  per unit airplane  pitching  velocity, 
positive upward, in.  radians/sec I 

target  deflection cue t o  unit pitching  velocity of the 
'?ring done,   in .   raaans/sec I 

w i n g  span less fuselage width, i'n. 

airplane  pitching moment of inertia, lb-in.2 

t a i l  load,  positive upward, lb 

t a i l  load when the  airplane normal load  factor equals 
zero,  positive upward, lb 

distance between center of gravity of airplane and 
E / &  of t a i l ,   i n .  
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n e i rp lme   nond   l oad   f ac to r ,   nos l t i ve  when i n e r t i a  loads 
are downward (2 = 1 i n   l e v e l   f l i g h t )  

9 d y n d c  pressure, lb/sq in .  

u airplm-e  weight, lb 

X 

Y 

Y' 

e 

e 

s t r e w i s e  cHstance from ictersect ioc of f ront  spa-r center 
l i n e  zlna airplane  center  l ine,   posit ive aft, in .  

1zterz.l distance from airplane  center  l ine,   posit ive 
left ,  in .  

lateral   distance from ziwlane  center line l e s s  one-half 
the  fuselage width, posi t ive  lef t ,   in .  

s in l ane   p i t ch ins  angulzr velocity,  positive  for  airplane 
nose pitching up, radians/sec 

aiqlzne  pi tching angular acceleration,  positive  for 
increasing  positive  pitchislg  velocity,  radims/sec2 

sZ s t a n h r d  error  of estimate, in. 

S z, sGmdard error  of the ZQ coefficieot,   in.  

s tandad   e r ror  of the Z, coefficient,   in.  

SC. stan-6 error  of the  coefficient, in. 
8 

S 
26 

sten&rd  error of the 24 coefficient,   in.  

The airplane used i n  the test was  a Boefng B-47A airplane. (See 
figs. 1 and 2. ) The ,cha.x.es i n   t he  test airplane conTiguration from 
the stmdard airplane were the  instal la t ion of (1) an airspeed measuring 
boom and fa i r ing  on the nose and (2) &n external canopy, housing the 
Cieflection-recording  instruments, mounted atop  the  fuselage  approximately 
at the intersection of the airplsne  center l i n e  aad the wing 38-percent- 
chord l ine .  
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The f l igh t - tes t  k t a  used i n  t:Ms paper per ta in   to   push-pdl  maneu- 
vers  flown  during  the B-47 flight research program conducted at the NACA 
Isigh-S?eed Flight  Station at Edwards , Calif. 

The push-pull maneuvers  were made a t  a l t i tudes of 25,000, 30,000, 
and 35,OOC f ee t  withMach numbers ranging from 0.51 t o  0.80. The m e u -  
v e x  were flown w i t h  aircraft gross weights of apgroximately 108,000 and 
l25,OOO pounds, hnd center-of-gravity  positions of 13- and 22-percent 
mean aerodynamic chord. The nollllitl load  factor ranged  froE 0.3 t a  1.5 
ana pitching  accelerations from 0.16 t o  -0.14 radian per second per  sec- 
ond. The specific  values of Mach nmber,   al t i tude,   aircraft  weight, 
center-of-gravity  position, and iiynan?ic pressme are included in   t ab l e  1 
f o r  each run analyzed i n  this report. 

IPiSTRUMENTATION AND ACCURACY OF  MEASUREMENT 

The instrumentation on the  airplane which was per t inent   to  the resul ts  
presented i n  this paser  consisted of a pitch turnmeter, ro l l   tunmeter ,  
al t ineter,   eirspeed inrliicator,  accelerometer, aileron  gosition  recorder, 
and an optigraph system for  recording the w i n g  deflections. The r o l l  
turnmeter m d  aileron  positioll  recorder were used only t o  insure tht the 
data  selected were for  push-pull mmeuvers w i t h  little or  no ro l l .  The 
accelerometer w a s  of the single-camponent type and oriented so as to 
measure only the normal load  factors. The accelerometer w a s  located a t  
34.23 percent mean aeroiiynanic  chord (x = 241 in . ) ,  and the  Ditch turn- 
meter was locates a t  27.19 percent mean aerodynamic chord (x = 230 in .  ). 
No corrections were made to   the  data   for   the small displacements of the 
instruments f r m  the airplane center of gravity. W1 instruments were 
of the  standard NACA photographically  recording type w i t h  the  exception 
of the  optigraph system which was designed by the NACA especially for  
the B-47A airplane. 

m 

The wing optigraph system consisted of eight  target lamps on the 
l e f t  wing and four on the r igh t  w i n g  and optical  recording  instruments 
located  atop  the  fuselage  approxinately at the  intersection of the 
38-percent-chord l i ne  of the wing and the center  l ine of the fuselage. 
(See f ig .  3. ) To facil i tate  recording the deflections  optically  in  the 
daylight,  high-intensity  (rich i n  infrared) l i g h t  sources were used i n  
conbination w i t h  infrared-sensitive  recording film. The optigraph system 
w a s  calibrated through the use  of a calibration  stick,  with 12 lamps  on 
it a t  6-inch  intervals,  held  vertically at each target  station  during  the 
calibration. kll in-fl ight neaswerrients were nade w i t h  reference  to  the 
w i n g  h o o p  position with the airplane on the ground and with  the wing 
outrigger  gem  clear. 
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In  connection M-th the  optigrzph system, a check was  made of the 
errors introduced by possible movmnents  of the  optigraph  base C u r i n g  con- 
ditions of large w i n g  deflections. Th i s  check was  made t o  inswe that, 
small twists of the wing center  sectior- on  which the  optigraph was Jromted 
would not introduce  large  epparent  deflections o r  t w i s t  a t  any of the tax- 
get  stations.  These t e s t s  showed that the  optigraph undergoes no appre- 
ciable Eovement with  respect to a plane through the wing attachment f i t t i n g s  
and that  the t w i s t  of the  optigraph under a 2g wing load  could  cause a 

error at   the  other  stations.  The estimated accuracy of the total.  deflec- 
%ions from ground zero,  calculated  fro= the optigrzph film readings, is 
k0.4 inch; whereas all incremental  Fn-flight  deflections are estimated t o  
be accurate t o  t0.2 inch. 

. maximum error  of 1/2 inch  per g at t'le wing t i p  and proportionakely less 

The normal load factor and pitching-angular-velocity values used are 
estbmted  to  be accurate t o  iO.01 and 40.005 radian  per second, respec- 
t ively.  The pitching-mgulaz-acceleration values were obtained from mas- 
urements of the  slopes of the pitching-velocfty  trace and are estinated 
t o  be accurate t o  fO.01 radian per second per second. The airplane  weights 
l i s t e d  in table 1 apply a t  the time of the  mneuver and Stre estimated t o  
be accurate t o  *:500 gounds. 

Basic Data Reduction 

Typical exanrples of the  in-fl ight aeasurements p l o t t e d   i n   a f f e r e n t  
ways are  shown in  f igures  4, 5 ,  and 6 .  The time relationship between the 
deflections and the  airplane  notions  are shown in  figure 4, and the vari- 
ation of the  deflections with normal load factor is illustrated i n   f i g -  
ure 5 .  Figure 6 shows the  deflection of the wing i n   l e v e l   f l i g h t   a s  
obteir_ed from the flight measurements plotted  against the ssar  position 
of' the  targets. 

The procedure by which such h - f l i g h t  measurements were reduced t o  
deflection  coefficients  expressing  the  deflections 6.ue t o  the ze ro - l i f t  
load, additional-l if t  and i c e r t i e  load, end pitching-velocity m d  
pitching-accelerdAon loads on the  airplane is as follows: If the fuse- 
lage  eirloads  are assumed t o  vary l inear ly  w i t h  the wing addi t ional- l i f t  
loads, %her, the  deflection 2 of any target  on the wing a t  any instant  
during a push-pull may be writ ten i n  t e r n  of the ~onral loed factor,  
pitching mgular acceleration, and pitching angular velocity as 

Z = Z o +  S f ( n W  - 5) + Z6.5 + Zi" + Z' I, - z i  
1 *W 
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ti deflection m y  be ewressed by 

o r  =ore  simply by 

During the  test ,   the Mach  number,  dynamic pressure, weight, ar-d 
center-of-gravity  posftion were held effectively  constant  for  each  run. - 

T ~ S ,  for each t a rge t   i n  each run, the  deflections may be represented , 
i n  matrix notation: 

where the columns { ) are corresponding  values of 2, n, 8, and 6 
read frm flight  records at 0.2-second i n t e r v d s  during  the run and the 
constant Z i  is the  deflectiolz of the target  due to   t he  dead weight  of 
the w i n g .  The coefficients Zo - Zi, Zn, Zg, and Z i  f o r  each tar- 
get were solved  for by the method or" l e a s t   s q u r e s  using cpsroxinately 
25 data points  per  run. 

When the  in-flight  deflections Z are plot ted  wainst  normal load 
factor,   the &ta ass- the  distributions shown in   f igure  5 .  The so l id  
lines represen5 t"3.e vm-iations of the target  deflections w i t h  load factor  
based on the  values of ZO - Z i  detemined fo r  each of the  targets by 
use of least-squares  procedures  apglied t o  equations of the  type of equa- 
t ion  ( 5 ) .  The slope of the  l ine is the  coefficient Zn of equation (5) , 
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and the intercept of the liae at  n = 0 is  the  coefficient Zo - Zi. 
The coefficients and ZG represent the vaxiation of the data points 
from the  lines  introduced by pitching  acceleration and pitching  velocity, 
respectively. 

The values of the Zo, Zn, Ti, and Zg coefficients  calculated 

for  each target  ere presented in   t ab l e s  2, 3,  4, and 5. Table 6 l ists  
the standard  errors or" the coefficiects and the stmda.rd errors of e s t i -  
mate f o r  each  equation as calculated by the Eethods of reference 3 for a 
typical run, that is, run 15 of f l i g h t  6. 

The values of the  zero-lif t   deflection  coefficient Zo given i n  
table 2 are  referenced t o  the w i n g  zero-load  position es a result of 
addicx the w i r !  dead  weight  (droop) deflections Zi t o  the Zo - Zi 
coefficieats.  The constant Zi for each  taxget was determined by the 
use or" the e w e r ~ e n t a l  fnfluence  coefficients fo r  this wipg which are 
given ic reference 1 and the dead-weight distri'bution of figure 7 (from 
ref .  2 ) .  These values of Zi axe given ia figme 8. 

Deflection  Coefficients 

variction 
zero- l i f t  

The 
t ions due 
unit lo& 

Exaainz;tion of the Zo coefficients of table 2 f o r  dissynnnetry i n  
the  deflection of the r ight  and le f t  w i n g  t ips  reveals same disagreement 
which i s  greater t h n  the standard  error of 20.3 inch  iaclicated i n  table 6 .  
Tie discrepancy between w i n g s  is concluded t o  be due t o  s t ruc tura l  differ- 
ences i n  the w i n g  semisgans, or  perhaps t o  sl ight differences i n  the  effec- 
t i ve  t w i s t .  A s  shown i n  figure 9 the  zero-lif t   deflection  coefficients 
f o r  the  various Mach numbers formed mooth  cootinuous  deflection  curves 
when plotted  ageinst span gosition. In the figure it mqy be coked t ha t  
the  deflections due t o  the zero- l i f t   loads  are   lager  a% the  higher Mach 
mmber. T i ~ i s  imrease  is not  proportiorml t o  the dynamic-gressure increase, 
and the  discrepancy i s  believed t o  be  due to   the  effects  of the $ 

0 
with  Mach nurrber Esd t o  gossible changes i n  tine s h p e  of the 
lcad  distribution at the higher Mach nunbers. 

coefficients  presented  in  table 3 express the target  deflec- 
t o  the  additional-l if t  and inertia loads on the  airplane  per 
factor.  Exanination of table 3 shows that  the  differences  in 

the deflection  coefficients f o r  the righi and l e f t  wi-ngs are small and 
i n  m y  cases  within  the  standard  error of 20.3 inch  typicel of kb le  6 .  
When p l o t t e d  t o  show the wing spar  deflections dce t o  the additional  loads 
a t  the  various Mach numbers, the  coefficients f o m d  smooth deflection 
curves as  typified by figure 10. In figure 10 it i s  sham that the 
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deflection of the w i n g  due to  the  additional  loads  decreases w i t h  Mach 
rmber.  T h i s  is consistent w i t h  the inboard shift of the center of pres- 
s w e  on the f lexible  B-47A wing at t'ce hlgher Mach numbers as evidenced 
by the wind-tunnel tests of reference b .  

Tables 4 end 5 present  the  target Cieflection coefficients  associated 
wit'n pitching  velocity and pitching  acceleration. It may be noted that 
the differences between r ight-  and left-wing-tip  coefficients are larger 
thm the mhum combined s tanbrd   e r rors  of the  individual  wing-tip  coef- 
f ic ien ts  frm table 6. This &Lscrepancy suggests  the  possibility of mall 
oj?tigraph-nzount twists which varied  with  pitching  velocity and pitching 
acceleration o r  t o  sme difference in   the  def lect ion behavior of the two 
wit! semispans. The pitching-velocity and pitching-acceleration  deflec- 
t ion  coefficients for  f l i g h t  10 Ere presented in   f i gu re  11 i n   t h e  form 
of smooth spar  &flection  curves at various V!ch nunbers. The decrease 
w i t h  Mach  number of the  target  deflections due t o  the  pitching-acceleratior, 
loads , evident i n  tine f ig t re ,  may be accomted  for by m examination of 

the   t e rn  i n  equation (3 ) .  The coefficient Znwf CELn 

m- inward s h i f t  of the w i n g  airload  center of pressure due t o   f l e x i b i l i t y  
effects  at the  higher Mach numbers. Tne coefficient %/dg may be 
expected t o  change sone wi th  Mach  number since  the  sirloads and their 
associated  pitching mm-ents caused by the w i r g  defor?r;ations resuJ"bing 
from the  pitching  acceleratioli change with Mach number. Also, associated 
wit'n the iieformation i s  a wing airload which changes with Mach nun- 

ber and affects  the wing deformction. 

tions due t o  Ditching  velocity, no attempt is made to  explain the dif- 
ferences i n  the deflections at the  various Mach  n-umbers, as the resul ts  
shown are based on snall in-flight  variations and were p l o t t e d   f r m  coef- 
f ic ien ts  w i t h  large  standard  errors. 

.I 

i 

In  comectian wiYi the curves of figure 11 showing the w i n g  deflec- 

Wing Twists 

The wing twists due to   the  ver ious  tEes of' loadings m y  be deter- 
dried from the Ceflection  coefficients  given i n  the tables. An example 
of t i e  wing twist determined from the  coefficients is shown i n  figure 12, 
where the variation w i t h  Mach  number of the t o t a l  strearrwise twist of 
the wing is given  for &E airplane  load  factor  equal  to 1. Tse results 
shown were obtaineii Sy smming the Zo, Zn, and Zf coefficients  for 
Vie verious  targets,  subtracting  the front- and rear-sgar val-des, ana 
dividing by the streamrise  distances between the targets.  In the f igne 
it is evident  that tine variakion of t o t e l  w i n g  twist w i t h  Mach nwber is 
very small. T h i s  is i n  egreement with the relatively small variztion 
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of wing deflection w i t h  Xach nuaber i l l u s t r a t ed   i n   f i gu res  9, 10, and 11. 
Severzl  other examples of  wing twist as determined from the  deflection 
ccefficients  are shown in   f igures  8, 13, 1-4, 15, and 16, There experi- 
neatal  and theoretical  results are  compared. 

Comparisons 

Cmpzsisons are made in   f igures  13, 14, and 15 between experinental 
theoretically  calculated  deflections and t w i s t  due t o  zero-lift  loads, 

addi t ional- l i f t   load  ser  unit load factor,  uld >itching-acceleration 
loads. The comGarisons s e r t a i n  t o  f l i g h t   a t  a Mach  number of 0.66, alti- 
tude of 30,000 fee t ,  and gross  weight of 108,000 pounds. Tb i s  par t icular  
flight  condition was selected f o r  the comparisons i n  order t o  take p a r t i a l  
advantage of lengthy  cdculetions made i n  *he early  stages of the investi-  
gation. The eqerimental   deflectiom m d  twists were obtained Tor this 
flight  condition by linear  ifiterpolation of the  experimental data a t  Mach 
numbers of 0.64 a d  0.69 z t  the given  weight and a l t i tude .  . 

In the  detemination of the  theoreticel  curves of w i n g  deflection 
and t w i s t  f o r  coaparison w i t h  experimental results in   f igures  13 t o  1.6, 
the methods presented in  reference 5 were used t o  calculate  tne loads 
act ing  in  each  case. Tne l i f t -curve slopes used in  the  theoret ical   cal-  
culations were determined wit'n data  obtained from reference 4. The wing 
structural-stiffr-ess  dfstributions were obtained from references 6 and 7. 
T'ce wing deflections resulting from the  zgplication of the theoretically 
calculated  loads were obtained through the  structural  influence  coeffi- 
cients of reference 1 md the theoret icel  wing t w i s t  vas calculz;ted by 
using  the  theoretical  structural  natrices  calculated by the methods of 
reference 5 .  

i n  order t o  determine the  zero-lLft loads associated with figure 13, 
the  root  mgle of attack was included as an -own i n  ea-uation (16) of 
reference 5 ,  and w- additional  equation was added setti-ng  the sum of the 
loads on the w i n g  and fuselage  equal  to the zero- l i f t  tail lozd. The 
effects of Zuselage  over velocity,  fuselage  interference,  nacelle  pitching 
Illoment, w i n g  pitching moment end nacelle tbxust were included i n  equa- 
t ion (16); but the ef fec t  of micelle  interference was neglected. The 
fuselage was assumed t o  carry  the sme loading  as tine  most inboard  sec- 
tior- of the wing. The t a i l  load w a s  calculated so as  -Lo balance  the 
s i tch ips  nonel7-t of -0.10 a t  CL ='O, which was obtained from reference 8. 
The result ing ze ro - l i f t  loads were aF;lied tlrough  the  structu-ral  influezce 
coefficients  and-matrices t o  give  the  calculated  deflection and theoretical  
twist of f igure 13. The discrepancies between the  theoretical and experi- 
melztel zero-lif t   deflection and twist curves, shown in   f igure  13, may be 
due t o  incorrect  assunptions  for Tuselage  loads,  neglect of nacelle  inter-  
ference  effects, an-d inaccuracy in  calculated  l if t-curve slopes. Also, the 
actuzl  deflection of the -&ng near  the zero-load condition may not  vary 
l inear ly  with the  load as was assumed. 
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T-he additional-lift  Ceflection Z, (shown i n   f i g .  14) was determined 
by subtracting  the  t~eoretical   zero-lif t   loads from the total   theoretictzl  
wing load  distribution  calculzted  for  the  flight  condition w i t ?  a load 
factor of 2.2. The smll effect  of s l igh t  aiqlm-e pitching  included i n  
the  original  theoretical  calculations w a s  neglected. The resulting loads 
were re&uced t o  a 1 g condition by divitiing by the normal load  factor of 2.2. 
These loa& were applied to   t he  wi-ag though  the  structural  in-thence  coef- 
f i c i en t s  of reference 1 to  obtain  the  calculateC  deflections, and through 
the strizct-xal Fatrices of reference j to   obtain the theoretical  t w i s t  
curve. The discrepancies between the ti1eoretical and emerimental  curves 
shown i n  figure 14 are c&idered t o  be  due t o  t?x same types of inaccu- 
racies as those &rea*  rrentioned i n  connection with the zero-lif t   deflcc- 
t i on  and twist cmves of figure 13. 

" 

Tbe e-erimental and theoretical  deflections due t o  pitching-angular- 
acceleration  loads are shown in   f igure  15 along w i t h  experimental end 
theoret ical  t w i s t .  Tne t'neoretical  front-sgar  deflections due t o  pitc'rring 

accelerat ion  in  figure 14 were determined by evaluating  the Zgi - Zllwf 

tern of equation ( 3 ) .  The value of w a s  calculated by the Eethods 

of reference 5 .  The wir?g dead-weight d i s t r ibu t ion   in  figure 6 was used 
to calculate  the  inertia  load due to  pitching  acceleration, and the ta i l  
loed was calculated  fron the e q u t i o n  

ar, 

%If 

" % -  IY 
366.82, - 

where an approxbete Iy was taken  as 6,730 x 10 6 lb-in.2 as extrapolated 

fron k t a  of reference 9. Tne 6iscrepancies between the experimental and 
theoretics1  pitching-acceleration  deflection and t w i s t  shown in   f igure  15 
arc believed  to be due to  the  neglect of the  aeroelastic  effects es80- 
ciated w i t h  the 26 coefficient, the neglect  of w i n g  airload  effects on 

2 cfi, end t'le f ac t  tkt the Zg coefficients were based on small wing 
in-flight  deflection  variations of approximately 1 inch a t  the w i n g  t i p .  

i 

.rl 
No theoreticstl  front-spar  deflections o r  wing twists due t o  pitching 

velocity are shown i n   f i gu re  15, as it w a s  concludeS that Z i  coefficients 
sre least  accxrzte  since examination of the standard errors of the 
Zb coefficients  (see table 6)  shows tha t  the twist obtained from the 
coefficients  woud h v e  a relatively  high  standard  error. 



The comparison of experimental and theoretical  wing total   streamrise 
twist i n  ,% 2.2-load-factor  gull-up a t  30,000 feet showed  good agreement, 
as i s  evidelli; in   f igure  16. The sca t te r  of the  experimental daka about 
the  faired curve is within  the bend of error  prescribed by the  individual 
stm6ard error  of the  coefficients. 

Experimental d a h  have been  presented which illustrate the aeroelastic 
behavior of the wiE& of the B-47A airglane. The deta show thzt the w i n g  
deflections in  the  push-pull  mneuver  are  subJect  to a fa i r ly   s inp le  anal- 
ysis and that they may be measured in  Plight with a good degree of accu- 
racy. It is also indicated that the   to ta l  t w i s t  of the wing does not 
change greatly w i t h  Mach nunber or dynanic pressure i n  the range used i n  
these  tes ts  G d  that  the  theoretical   calculations for the wing deflections 
and t w i s t  agree w i t h  experimental  data. 

Larrgley Aerommtical  Laboratory, 
National A d ~ s o r y  Committee f o r  Aeronautics, 

Langley Field, Va.,  November 17, 1954. 
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Figure 5.- " p i c a  variation  of  target deflections with mmal load factor. 
Altitude, 30,000 feet; Mach number, 0.72; afrplane weight, 126,000 pounds. 
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Figure 6. -  Typical spar deflection cume. Altitude, 35,000 feet; Mach 
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Figure 7.- Wing dead-weight distribution and nacelle loads (from ref. 2). 
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Figure 10.- Front spar deflections, at various Mach numbers, due to 
additional-lift load per unit load factor.  Altitude, 30,000 feet; 
drplane weight, 126,000 pounds. 
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Figure 11.- Front spar deflections, at various Mach nunibem, due t o  
pitching-acceleration loads and pitching-velocity loads. Altitude, 
30,000 feet; airplane weight, 126,000 pounds. 
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Figure 12.- Typical wing t w i s t  variation with Mach numbeE.  Alt;tI.de, 
35,000 feet; airplane weight, 126,OOO powds; n = 1; 8 = 0; 8 = 0. 
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Figurs 14.- Comparison of  theoretical and experimental spar deflections 
and wing txisi; due  to  additional-Lift load per unit load factor. 
Altitude, 30,000 feet; Mach number, 0.66; airplane weight, 108,000 pounds. 
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Figure 15.- Comparison of theoretical and experimental front spar 
deflections and wing twist due t o  pitching-acceleration loads and 
pitching-velocity loads. Altitude, 50,000 feet; Mach number, 0.66; 
airplane weight, 108,000 pounds. 
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Figure 16.- Comparison of theoret ical  and experimental t o t a l  streamwise 
twist. Altitude, 30,000 feet;  Mac! nmiber, 0.66; airplane weight, 
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